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Al)sttw+  -’i’his ]Japcr dcscriks  tt]c. 1 kJtMad
Accc.ss Nctwcwk  Sc}]du]c] (I>ANS)  SyStClll
for autoluatical]y  scheduling and rcschcdaling
tcsourms  for a nctwoIk  of  coll}llltll]ic:tti[)[ls
al)tcnt)as.  1 IANS accc])ts a baseline schcdulc
arid sul)porls rcschc.cluli[lr,  o f  aIltcmI)a  aIId
sut)syskm IcscmIcm [0 satisfy tracking  goals
in t h e .  cvmt of chm)g, inz track Icqucsls,
c.qui})lnc.nt  outages, and inclc.mcJlt  wcath.
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1. IN’1’ROI  )IJC J’1ON

‘1’IK l)CCIJ Space NctwoJ+ (1 XN) [2] was
c.stablislmi  in 1958  ar)(i  since thcm it l]as
evolved  iJlto the largcsl arid mos[ scnsi~ivc
scicJllific (clccoJ1~ll~~ll~icatiorls an[i radio
tlaviSa[ioJl ne twork in the wof IcI. ‘l”hc.
puqmsc of the I)SN is to suppot’1 u[lpilotc.d
iJltCl[daJVd~Jy spacecraft missions and
Sll])pol ( I adio anti radar astlomlny
observations in tl)c. cxplol atim of the sola]
systc.m and the. uJlivcl  se.. ‘1 ‘kc arc tht cc
(ICC]) space colllll]tlt]icatiolls coIllplc.xcs,
loc.akxl in Canberra ,  Austla]ia,  M a d r i d ,
SJJ:liJl, and Golds[cmc,  Glifornia. 1 iach
IXN complex  opera tes  four (icq~ si~acc

stalio]ls -- OJ)C 70-meter  atltcJlna, two 34-
JImlcr al]lcllnas,  an(i onc 26-mdcr  aJltcln~a.
‘ilm fuJ~ctiotls  of t h e  IXN ale t o  rcccivc
(dcIIm  try  sigl}:iis  frmn sl)accclaft, tm]sJllit
COI1)I1)W(]S  t]l:d fXrJltJ’0] t}lc Spaccmift
o]mat inf, IIm(ies, gcumatc  t})c Ja(iio
navi~atioJl  (iata used to ]ocalc  an(i g,uidc the
slmccraf[  [0 its dc.stinatioll,  an(i acquire flig,ht
J:idio  s c i e n c e ,  radio ant{ radal astronon}y,
\’c.l y lorl.g basciinc il~tclfe.loll]c.tly, an(i
~CoCi}f[  l~IlliCS  JllC.:lSlllClllC.JltS.

1 JIOIH  its incc.ptioJ~  ti~c 1 XN has bc.cn  (iri \cri
I}y tlm nc.cd tc) cmatc increasingly III(UC
scnsilivc  tc.lccoJlll]lLlllicatic)l)s  (icviccs aTKi
I)ct[cl  tcchniquc,s  for JlavigatioJl$ ‘1’ilc
olma[iorl o f  the JXN cort~l~~~ltlicatiaI~s
coIIlplcxcs [cqairc a IIigil icvd of manual
illtcradiorl with tile (ic.vices in ti)c.
cc)I]lJ1lLIJ]icatio[ls  link with the spacecraft. 11)
Ino Ic rccc.nt tilncs N A S A  i)as aciticci  SOIIIC
IIC.W (i[ivcrs to tiw. cicvc.]q)]ncnt  of the ] XN:
(i) rc.dmc the cost of o~nating  t}lc IISN, (2)
inqwovc the opcrabi]ity,  reliability, all(i
IIl:tilltail]:il)ili[y  of tk IXN, aJd (3) prc])ar-c
for a new cra of space cxploratioll  witil tllc
Ncw Millcmium  ]Mogtwn: su]q)ort sll~ail,
il Itcl 1 igcnl space.craft Ic.c]uirit lf, vc.ry fcw
IIlission  o~)c.r:itions  pfxscmtd.

‘Il)c puqmsc  of ttlis paper is to (icsct itm ‘1’tm
i )AN$ SySklll fOJ’ J’CSC}lC(h]lJlg and ICSOUI’CC
a l l o c a t i o n  fm af)tcnna  a n t i Sllt)syskm
ICSOUJCCS  it) t}]c. 1 )SN. I )ANS winks from an
ini(ial  sc]dulc ar)ci oscs i) Jioritizc(i  prc-
ctnptiot)  and iocalimci  scalch  to fill{i  ante.i~lla
and otllc.r  cquil~lnc.rlt  rcsoulccs Ic.quircd  {0
su]q)olt ctlan~cs to scllcciulc,  tc.quircmcmts
wtlich nlay bc. causc(i  by a wi(ic mngc o f
cilc.{lJllstailccs ilmlmiing: chal]~ing track

‘1’llis  work  was pcl  forIId by lIIC JcL I)roplllsiol) I ,alx)ralory,,  [’alifor[)ia IIislil[llc of ‘1’cc]IIIoIo:;y,  UIIdCI  coIIt  Iact will)

(IIC Natimml Ac.ruaaatics  a!l(i  Space A(ill~illistt:itioI1.



‘J’his  j)alm i s  (wfymiz,  cd ill Illc foli(nvil]:,
llMtlllcI  . Wc l)c.p,ill by cl]:ll:ictc.li7il]~,  tlm
cuttm(  ]nodc o f  o]x:tatimls of IIIC. lJSN.
N e x t  wc dcscril)c (hc mhikc(utt

ICvcl$ o f  ‘ I XNlfmnati(>l) of Imll[i])lc. , . ..
opc.rdlions. II] pdrl icu lm,  wc. (Icscribc  (Ilc
rok o f  and rcl:l(iol)sllip  l)clwcm:  (h lkm;ud
ACCKSS  Net work Sc]IC(iu]c.1” (i )ANS) SySklll
f~~  il(((ol]]i~tc.(i  ICSOUICC.  :11 10c;\t ion, 1 )1’1 .AN
[3,4], foj ;Illtolll;itic:ill)  c(mstructin~  [r:ickirlg
])lai]s, aII(i  (l~c N M ( ’ ,  a l)laII  cxccu[io[~  aII(l
m(mitoritl~,  syslc III. 1  H a(l(lili(m  w provi(k
CMlllplcs  0! [hc i[lpll(s  and Oll[j)llts (<1 cad) of
tk cot]lporlcnts [0 illuslra[c  wha( occurs a l
cdl S(CJ ) in (IK j)l(x’css o f  c:q)tul  ill:,
Spmn’aft data ‘ .

2. lloW ‘1’111; l)SN ol’lil<A’J’Ji  S
Voy:lp,cr-  1 is crl]isifl~ ;i( 17.5
kil(~lllctcls/scc(~ll(i  10W:II d tl]c outer c.dgc of
(k Soli{l’  Systclll” ‘llloll~,ll i(s o]ltm:tl  d
systm]]s arc Inoslly a$lccp  durin~ this phase.
of its IIlissioll, Voyaflcl’s  llctillll  ]Imtrics arc
continually scm( to l:%h  via a tc.lmctry sip,nal
rdititcxl  by its 40-wait lrdnsmittcl. 11 will
(akc  cifil][  lIolIrs al (lIc sl)cc(l  o f  li~t]l for (tic
signal to reach its dcslinatiol~,  liwih, a billion
miks away. LJlwII ariival,  (Ilc klc.ludry
sign:tl i s  ]cccivcd  by WI c.x(rcmcly sc~lsitivc
ground  co]~]l~ll][lic:ltio]~s”  sys(cm, N A S A ’ s
lkc~) S p a c e  Nc.tw’oI k (DSN), WIKUC. it is
I cmrdd, proccssd,  and scmt (o (tm M issim
Opmitimls and Voyager  pmjccl  c]l~imms,
who assess Ilm hcalltl of Illc S])mcrafl hsc.(i
on the cmllcnts ol’tl~c  sigt]a].

‘1’llc t y p e  o f  aclivi(y  jusl (Ic.scl-ibcd  oc(wrs
(I:lily fol” d(v,clls  o f diffcmlt N A S A
spacccmfl  and prc)lcc(s  [ha[ USC. [k I)SN to
(q)tlll’c  Spacccfafl  (la[ii. ‘1’hml~h ttlC JM’OCC.SS
of sc.ndinf,  signals  fi (NN  a sl)acc.craft  to 1 M}]
i s  collccl)tu:illy  silnplc., in rcali(y  ([mm arc
many c.mll]sidc CII:IIIC.II:,CS that 11111s[  [K
:I(k{I C. SSCX1  Imfol  c .  a  s]mcccrdf(’s si~,tlal i s
;Icqu i mi and l[allsfol’lllcd into LI SCf’Ll  ]
info] m:i(ion.

Nc[itotk  l’t-cl)(lr(~ti(ul (it [IIC iVcI\tY)Ik
(~j)(’l(ltio}),v C ‘())) 1)()1  ( ‘(I}I(r)

'l'[lCfllS(S  (2 L/,C()f(  llV]~SN{  l"; LCkill~,~)]"()CC.SS  is
cti]]cd Ndwork  17c1walioIJ  aII(l  it occurs :Lt a
CC.llh”dt  CO1l[I’0]  CC. II(C1’ for ttLC INN ]MWc.d al
.iI’], c;Llkx\ [k NctwoIk opC1; {[iO1lS bltlo]
(:CII(CI (Nom). ‘1’t]c  [n[)jcd ini[ia[c,s
Net work 1’1 c. JMir:lt ion i)y scrdi]]p,  a rcqucs( for
t h e  l>SN to (Iack ii sj)acmaf[  illvolvin~,
sjxxific  (rackill~,  sc! v i c e s . ‘1’hc.  1 )SN
I’csp(m(is  t o  tl]c l’C(j UCSt b y  a(lcmp[irlp,  [()
Schc(lulc IIIC I“CSOII1’CCS  ( i .  e . ,  a l ]  alllclll)a  W](I
othC.1”  S!l;L1’C(i  CX]Lli]HIICllt)  IICCdCd  fol t}lC tl’Kk.

Aim:, with this wqucst,  ttm pmjcct  ]Nclx  Ircs
a SC.(]LIC]]CC  of ]iVC.ll[S  (,S01{) d(xcrit)ill~, Ihc
[ilnc- or(lcrc.d  ad ivitics  tl~:it sl)ould occur
(Iulillg  IIlc. (lack. ‘Illc SOI{ irlcludcs ac[ims
tll:it  tlIc I)SN sIJOLII(I t:ikc, (c. /:., l)cgill
t] acking tl)c ]m)~cct’s  S] MCCCI afl at 1 2 0 0 ”
] lOLI[  S) ,  :ill(i it :\iS() illC.]LI({t’S  C. VC.l)tS (I):it Will
OCCLI1  011  [tlC Sj)WXTdf’t  k.ill~,  [1 dCkC(] (C .fT,. ,
[lIC s]mccraft  wil I cl):iIIgc flr.qLwncy  or ]no(k
N [i dc.sigt]a(c(l  ti]]]c), ‘1’I)CSC  Cvcllts  arc
imp(nl:mt  t)ccaLlsc  ttlcy  affc.ct  h o w  ttm ] XSN
pmvidcs (hc scrvicc,s.  l ’ h c  ])tojcc[ S[)li i s
s e n t  to tl~c. I>SN, wt]icll thcll  gc.I~cmtcs  i t s
OWI] \~c.[si~ll, c:illcd :i ~il OUIId NC(WOIk S01 ‘,.
‘Ihc.  GIOLII)(l  Nc[woI k Sol  i i s  a III(MC
clab(mtc vcrsicm  of IIIr. [mlc.ct Sol i in that it
C.xpands t h e  ac.tivitic.s  lmn  l)i~,h kwcl
d e s c r i p t i o n s  ( e . g . ,  tq,in tlacking  [hc
spacccr:ifo inlo :i fi]lcl Icvc.] of dclail  for usc
by tlm operations pcl soIIi]cl at (he. deep s]mcc
stntion. ‘Illc (;round Nc.twmk S011 is sc.n( to
tk l)cq)  Slmcc  St:diolj  (1)SS) , where h
Wltcllllas  llscd  (() ]X’ufol  Ill II)c actual  [lack :Ilc.
k)c:i[c(l  . AloI~g with tl]c GI ouIId Nctw(~Ik
S o l  i a wi(lc. rf~ljfIc of r-c(l[lirc(l SLIp]>ol I (I;lta
:Irc Irallslnitlcd -  SLICII as tllc  J)rcdictcd
loc.ntiol)  of the slmccclaf(,  etc.

‘ 1;(JI  a fut(t)cu  dcsrti[)[]orl 01 I)SN mIICIIIIii OI)CI:III(UIS
:!s at I ;il~l~]ic;lfic)lls  ;(Ic$ [(JI [)lil[lllil]~ all(l I)lall cxccul  ior]

scc (( ’llic.11 C( III. I()[)(J)
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h’igurc 1: An Au(on~a(ion  orici~[cd View of
1 kc]) Space Nc[woIk  O])cIa[I[)IIs

colllllltlilica[ic~lls  link, w h i c h  wc Imcafte.r
rdc.r to as a ‘Iil)k’,  an(i IIICH ])c IfoI II) llIc  tlwk
b y  issuillgcon[m] comll)an(ls to ttlc valious
sll[)sys[clllsc  (ltlll)lisill~, tlvc lil~k.  ‘l”l~loup,l~mlt
the track lhc opm[ors  continually  Inonilor (hc
slatasof(lm  link a[ld l)andlc  cxcc]l[iotls  (c. p,.,
tllc rcmivcr  hrwiks  lock w i t h  Il)c  s]mccraf[)
a s  ttlcy  Occlll’. A l l  of tllcsc actions alc
CLltwmtly  pcrformc!d  by llulllall  Opcratol’s,
WIK) m a n u a l l y  issue t e n s  (M I)ulldlcds
cxm)tnamis  v ia  a  cnni)ukx  kcyt)oal(i  1 0  t i l e
]ink subsystems. ‘1’k moni[orillg aclivitic.s
uxiuirc [ilc oilcra(or to track  ti]c state of caci]
of lim subsystcn)s  it] tile  link  (usLIally  three. (0
five subsys(cms),  wiuc each sulNyslcln l)as
nm)y ciiffc.rcnl  sta(c variables that cimp,c
over tilnc.

III tim iast sc.ction  w c  (icsclibc(i ttlc. cul mnt
i:ll}(ll-illtt~l)sive  pocus for (I amfol illin~,  a
fligilt  pmjcd  scmicc rc(iucsl  into :in
c.xccutab]c  SC( of 1 )SN opc[ ~~(iol~s. I if fol-ts
:il’C CLI1 l’C.I)[]y  UI1(iC1’W:iy  to tlll[OIIl:ltC  :MiXCt  S Of
lI]CSC tasks. IN particular, l)ANS is being,
(icvcloimi to autmna(c.  asiuls of tl~c Icsourc.c.
sclm(iuiil~g  i)roccss, 1 )i’1 .AN is bcins ficl(ic(i
to autwmtc gpcxatiml of tile trackillp,  i)laNs,
aIl(i iilc  NMC~ systc.in is {)cillg, ficicic.(i  to
alltolluttically C.xccwtc tt)c opcratimls
pmcc(illrcs.

1 iac’i) WA, a  co]n])]cx ]nalcl]i]]~  i)wccss
bctwcxn  si)acxw  af[ lmojcct  Colllill(l[lic;t(ioll”
scIvicc rc.c]ucsls  :in(i N A S A  i)CC]l  S])<.icc
Nc.tw(wk  (IJSN) INOLIICCS OCCIIIs. II] [Ilis
i)mce.ss,  lm)jccl  rcqucsls and ]wiw itics aw
Ina(cilc.(i  ui) wittl  avaiiabic  msoulccs  in or(icr
to lncrt coll)l~lllllic:ltiolls”  Ilmls lot cal 111-
orbit in~, a]](i dc.cp space simu[ aft. ‘1’tlis
sclmilllillg  imoccss  illvo]vcs  (ollsi(lci~ltiolls”
of Ihousan(is  o f  imssihic  tlacks,  tcms o f
p“ojccts,  (Clls  o f  all[clllla Icsoll[ccs :i.n(i
c(~llsi(ic.l:ttic)lls  o f  iIu II(i IC(is o f  sutmyslcll]
collfiglll-:{ti  oils.” [X)cc Iltis  i[)i[ial sclIr(iulc  i s
pl’o(iucc(i  (8 or Illol’c” wcc!is  l)c.fol’c
iltl])lclllcllt:itiolls),  i t  urldcrj~oc.f  coll[it]ual
Itmiificatiml  duc to cllall~,illg,  lM(Jjcc[  IICCI. IS,
uiui]m]cnt avaiiahili  (y, allci Wcat  Ilcl
cO1lsi(lcl:itiolls.” ]<cslx)t]dil]~,  to ctl:il]f,inp,
cmtcxt all(i lllirlilni7in~,  disl uj)lion wt)i]c
msckiuiing  is a ky issue.

‘1’llis ]M])cI. dcscritws  tllc. 1  )cII):III(l-  l)2iscci
Automakxi Nctw(~I  k Scimiulillp, System
(I) ANS), all auto] llakxl sctlcdlllinp,  systcIIl
bc.ing  ticvclopc(]  a t  tllc J e t  1’1 opuisio]l
1.at)omtory  (Jl)l . )  to scldulc.  I)SN
rcsourccx.  I )ANS LISCS iwiofity  (ir ivcn, bcst-
first, cons t ra in t  -tmscxi  scarctl and itc.rdivc
oi)tinlim[ion tccilniqucs (0 ]xl-fol-in primity  -
imscd  mcimlulilt~,  ill rcsimnsc 10 clmllg,ill~
~IctwoIk  (icman(i.  1]) this tcclll]i(iucs, i)ANS
first cwsi(icrs  dlc antcn[)a  aiioc.a(ion  ]mcc.ss,
as al)(cIIIlas ale ttlc  (X11(1  ai focus  o f  I’csolll”cc.
c(mtcntiol). Af te r  cs[at)iisllill~,  a Hllgjc  of
antcmna options, i)ANS tiIrI) consi(icrs
ailocatim  of ti]c 5-13 sui)systcltls  iu IIack
(out of tlm [cx]s of silalcci  sut)sys(cllls  at cac]l
atltc.t]na  com}]lcx) usc.(i by cad track. i)ANS
u s e s  collstiai[lt-(ilivc[), brand]  atKi iwun(i,
b e s t  firs( scaTci] (0 cfficic[]tly  collsi(icr (i}c.
iargc  sd of imsit)ie  sut)systclns  schcdulcs.

‘J’ilc ili~i~ icvci  lcsourcc  iii lout  ion pI oblcm
f(>l’ tilC. Sll);\iiC1  ] )SN N)(C111)2N  (?[)M N)(i
smaiicr)  i s  curm]liy ilall(iic(i  i)y tile OMI”
scilc(iu]cl. in tivs future, aH evolution of
OMi” C.:\iiC.(i  [k 1 )C.lll:ill(i  ACTC’SS  Net  wok
SciKXiulci  (l)ANS) scl]cxiuiitltj,  SyStCIII i s
(icsifywi  to a(i~ircss rc.scllc.(iuiirl~  for tim
c.ntirc I)SN (c..:,., ali al)tcl)llas  al)(i  alltclllla



Sllhsysk’ll]s). OMl”  acccp[s  gcl]cutlinxi
sc.rviw  I’L’(]lICSIS  11”011”1 SJ)XCC1’~f[  pI’oICCIS  of
(I1C. f-orlll  “WC. I)(T.(I  thl”cc  4 - 1 1 0 1 1 1 ’  h’kks  I)CI
w e e k ”  aII(l Icsolvc.s  conflicts using a J)riority
I’c.qllc’sl SCl)ClrlC  (0 at(cln~)( 10 l)laxin)i7,c
sa[isfa(:lion  of J]igh Jmiority  pr(J@(s. OMI’
dCa]S With SChCd  Ll]CS fOJ’ NASA’S ~6-lllCk!!’
suhm[ irlvo]ving thoLMndsof  possib]ctl’acks
and a final schcdLIlc  invoJving  huIdrcds  of
[sacks.

4. 1)ON4AlN(  :llAl{Acl’lil{lsrl’l(:s

l!] a(i(iitim)  t o  [lIc  basic  antcI)na  IesoLIIcc
allocation prol)lc  II), (IIC JXSN sclduling
lm)l)lcIll  i s  fu[ttlcl c.olnJdic.atcxl  I)y tlIICC
faclols:  (1) coII(cxl-(ic]IcI~clc.Ilt  priwity;  ( 2 )
sul)sys(cltl allmatim;  and (3) the Jmssibility
of mlucinp,  [IIC lcl]g(h  of (I1c tracks. I)SN
[lack plioli(ics  aw cwtlcxt  dc]mdcn(  irl that
tl)cy  arc of(cn conlin~ct)(  0]) (hc anmul]( of’
ll;lckill~,lt)c]>lc)jcct  IIas mwivc.d so far ill Ihc.
week. I ‘or c~ai]q)lc, a Jmicd mip,h[  have
J>riority  3 to ~ct 5 tracks,  Jw;ority 4 [0 get 7
tracks md JMiolit  y 6 to p,ct 9 tracks (whc.J c.
lo\vcl 1)1 ioritic.s lC.J)l Cscll(  m m  c im]m [ant
(tacks). ‘1’his Ic.flcc(s  that 5  tracks ale
ncccssary  10 main(ail]  spacecraft health WICI
~cl crilical  scicmc data (0 gmLlnd  s(a(ions; 7
[facks will allow a nw])inal a]noun( of scictlcc
data to bc dowlllillkc.d;  atlcJ 9 (tacks w i l l
a l low for  dowlllinkil~g  of alJ scicncc. data
(c..~., beyond tl~is  level a(i(iilional  tlacks  have
Ii((lc. Lllility). AH ilnJml[ant  Jmint i s  t})at
si~cciflc  tracks tile Imt ial)c.ic.(i  witil lime
iwiori[ics  (e. g., t ilc Jwojc.ct i s  aliowe.(i  to
sLli)t)lit  5 trwks al iwimity 3, 2 at pliority  4
al)(i so OH). J<a(l]cr  wJ]cn cmsi(icl  irl~
a(i(iitlp,, (iciclil)g, 01 lmvin~,  tracks (lIc.
Sdlc(illicl”  11111s1 cmsi(icr  ti)c  Ovcmii  J)l’k)lity
of  tl]c ])]oic.ci i]] tiIc cI]TIcllt  ailoca(  ion coII(cxt.

Itl a(i(ii[ioll  to aiiocatil~g  antcl~])as,  J)SN
sclm(iulin~, ill\~olvcs aiioc.atins  aIlle.IJna
SLli)SySt  Cll)S Wt)iCil  al’C Sil:il’C(i h y  CWil sl~,llai
J’mccssinS ~;cmtcr  (such as tCiCIIICtIy
J) I”OCCSSOIS,  ” t[armnillcls arl(i cxcilcrs).
Alloca[inS these cmlJ)iicatcs tim sctmiuiing
pL’ob]c]ll  bC.CaLiSC.  1( a(i(Js  tO [hc llLll]lbcl  O f
I“c.sotll’ccs iming Schc(ill]c(i an(i ccr(aill
suimyslcms m:ty oniy bc ]cquitc(i  for par[s of
[i)c 11’ack.

J;inally, (Ilc J)SN sclmluiitlg, pmi~lcn]  i s
ml]ll)iica[cd by lim fad tl)at [ilc [rack (iuratioll
Ctill  tX’ lC]aXC(i. ]:01” CX[llllJdC,  a J)I’@CCt lllay
rcq LIcsl d 3 tloLlr tlack hut slwcify  a nlinimum
track tilnc of 2 ,  ]IOUW. Wtlct) cvaiLlating
Jmmtial I C.sollrcc col]fiicls t]lc schcdLl]cr
nlLIs( consi(icr  the option of shmlcnin~  tracks
to mmovc lL:SOL1l’CC,  c.mlftids.  [hlmmtly  OMI’
ar)(i J )AN.S usc a Iinc.a[ wc.i~,i~ting sclmmc in
col]ju[lc[ion  wi(il  a  mmiificxi  SIMI)I .li~
al~>,ol  i(llrt]  I() trill] t racks  in accorciancc witil
J)liolili7,:~li(Jt]s.

1  )ANS WCC])tS two  [)’J)CS of iIIJ)Ll[S: ] , aI) 8-
Wcck l)] iol- [0 o]mralioll Sctlc(illic  fl’olll [ilc.
I < c . s o u r c e  Aiiocation an(i l’lallning (l<AJ))
tcalll, illl(i 2 , aC.[i  Vity 1 C.(]ll  C.St S fl’[)Jll Cd]
indivi(iuai fiif,i]t  Jmlcct, ‘J’tlc  8- W(XJ(
scilcduic i s  ti]c. i~imiillc  f o r  cle.alill~ a
collfiicl-f’rrc.  sc]miuic.  Ma[ly  of tile. schc.(iLIlc.(i
a c t i v i t i e s  :11  [I)al  lil I)c arc  lcmtativc. at be.s(,  all(i
ll]clcfoI-c  sui)jccl  10  Icvisi(m (iue  10 char)~iIlg
i) Iojccl s(atus.  Ais(J, tlIc sciIcciuJc  i s  for [he
alltCJlll:{  I“CSOLIJ’CCS  OJ]]y;  ] ) . S N  SLlt)Sy St(?J)l
SCilcXiL]ii  I)f, i s  Ilo[ col)si(iCIC(i  at ~ii iI~ (i)c  ~.
Wcc.k Sci)c(iuic.

‘1’hc activity  Ic(iLlcsts ate. usc.ti b y  ti)c fti~~ll
]Mojccts (0 ad(i ali[i  (iclc(c  a c t i v i t i e s  cm m
c.xislit]~  sclm(i Lllc (iLlc  [0 cllarlgin~ pmjcct
lcqLlilcmcll[s  aN(i/ol  IcsoLl]cc  availability. ‘1’hc
1 )ANS ol)tcc(ivc is to satisfy as many activity
Nquc.s(s  as imsiblc while maintaining a
cmlfiict-flee s(at Lls with lninim Llm (iisruJJtion
[0 ti~c cxislil~g  sclIc(iL]lc.

J )ANS L]SCS !nany (iata s{n]c.[u] c cJasscs 10
W)J”c”s~lll ~h~ I)SN ciolnain, il~ciLl[iil~~,
Iindinc. s, pN)jccts, adivitics, ami ln:i[ly
otilms to sup]x)][  tile. (iomain  ktmwicxicc atlci
Icasollill?,  i)mcc. ss. ]~aSC(i 011 thC  J’C(IIICS( ;1S
WC!]i :1S ICSOLIJ’CC  COl)StIai Ilk, l)ANS  I’CXISOIIS
will)  IIIC (iomain kJIOW]C(i&!, cmq]]oys
aly>lopri:~te slralc$,  ius, cor]si(icrs (iiffcrc]lt
:titclll:\(i\~t’.s, al)(i C.\’cl  It llai i y {:cmclat es a
cmlflic[-  fmc sci Ic.ciulc. for ali the. anhmna  an(i
suimystctn ICSOU]CCS. 1 )ANS is ill(endc(i  for
LISC i~y t h e  Oi)cra(ioll  i)cl’so]lnd  to maintain
at](i LIJl(id(!  tilC  J  )SN SChC(tll]C.  hou~imllt
C:tCt)  SCtlC.(illi  C..

‘I”i)c l)SN (ioltlai!l  corlt:litls ]nany fcsoLlr’cc.s.
iII (ilc.  c.xistins coI)fip,\ll:itioIl”  ( a s  o f  .lLlly



19X),  it coIlsists  01 11 si~,n;il  proccssin:,
CClltcls  (s1’[:),  45 :ilI(cIIIlas,  and 161
sLIl)systcII)s.  ‘J’tmy arc loca[cd a t  diflc.ml(
s i t e s  around  ttlc  world. ‘1’tm nlajwity of the
at][ctmas  cm t)c classified as 26, 34, and ’70
]I]c.tcl tiIltcn  I)as. ‘1’hc 26 IIlc(cl  aIltcIll)as  on
avc.Iagc IIancilcs  600 activities pcr week. “J’hc
34 ad 70 Inc.tcr  aIltctlIlas pcI’forlns  Ovcl’  200
ac[ivi[ics  pc.r week.  Addi t ional ly ,  th is
Wol’kload is C.xpcclcd  to inmasc.d
dramatically in k ncxl scwml  years.

‘1’hc l)SN domain  IIas IMny unique attritwtcs.
l)uring tlm missiml dc.sif,n and prc.-])lmllting
s t a g e . s  (I]wlly years prim (0 a spaccmaf[
l a u n c h ) ,  pmjcc{s  idc.lltify  itm]ls such  as
uplink and downlink  frcqucmics,  m:ijor
cvcults  which will occu I duling  tt)c life of tlm
Spacccrafl,  and (k cxpc.c(cd  l i f e  o f  (Im
space.craft. ‘1’llis in forln;itio]) is used to crcatc
a lol)&tcI  1)) ICSOLII”CC  Sctdulc.  (8 Wcc.ks 0 1
]Iml”c). I)llsing l)SN routine o])c.latiml,
Icglllalcc )llllllllllica(  ions bctwccn the g,m]nd
statiolls and tllc  spacccnft arc mquircd  to
COllllnand ttlc Spaccxl”afl, to mmilol
Space.cl’aft status, and to mllcct scientific
ciata.  ‘1’l)csc ac.tivitic.s  am submiticd  10 and
lllo(]lflC.dO  IlttlCl)  C.ar-tcalll  d)cdLllc  (8 weeks
mlcss) on a m~,ulm basis.

Amthcr  issue is the placcmt]t  of activities
onto tlIc schc.duk.  ‘1’lIc  possible times for a
spacccmft  track arclimitc.[i byspacccmf[  orbit
vic.ws, which am the. pc.riods in whici) ti}c
slmccraf(  is visib]c fro]]) a gmuII(i  station.
Aiso, tim Imgc from tim a]ltcnm to spacccraf[
(iictatcs  timqwmtity  an(i (ypcs of :intcnna(s)
mquimi  for cad activity. Sometimes, an
almy of lldtiplc  an(cnnas instca(i  of a silt@c
cmc is mqLlimci to cwnmunicalc  w i t h  tim
Spaccmm. i n  a(i(ii(  ion, tim upliilk  md
(iownlink  adivitics  can occLlr on (iiffcmll
ante.tlnas, ami c:in bc. scvcrai hours apart
i]n]msillg  :i(i(ii(iona] (icpcmicncics  bctwccll
activities.

‘I’llclca  lctwoty  l~csc)fac  tivitic.si[l  (hc I>SN
(iomain: simccmf[  :ictivitic.s  arl(i  f,ml]lci
activities. Spacccmft activities arc subluittc(i
b y  plojc.m ao(l usc(i to illtclact witil
spaccmaft.  ‘1’hcy  arc rcquirc(i to satisfy tt)c
[iomaia constraints  atmvc. (imuD(i activities
rcprcsctlt  l]ardwarc  Ill:iill(c.[~;iIlc.c..  AI](cIII~a
t i m e  wllicl}  is rmt occu})ic(i  by sp:icccmf[

activi(ics is usc(i foi ~,mull[i  activities such as
lmmmg, Llial Illai[ltclmlm r~:(lllil~:lll~ltlts  an(i
tcstin?,,  wi[h [nailltclmrw Ilavi[lp, ili~ilc,r
]mimity.

lid I)SN spaccmaft  aclivi(y is (iividui  ill[o  3
steps: l~rc-caiit)l:itioll  (prccai), tracking, al](i
])(}st-ctilit~ratic)ll  (postcai).  ‘1’tlc tilnc ])crio(is
for cacil s t e p  arc slmific(i itl ml~cs  o f
value.s. ‘Jllc. tilllc  pc.rimis  :iw utliquc for cad
activity type, all(i (ic.pca(i  on ttw ante.nna type
ai)(i subsys(c,n]  usap,  c.. IJANS Ilm(ic.ls  [.ilis
(icpc.n(ic.ncy  by ci(im sl]rinkinx or shifting
activi[ic.s  to maxitni7.c  Icsoum  u(iiixhtiw)  a s
(iic.tatc.(i  t)y acti\’ity  ty}x, al~tcl)tla  ty]m, ami
subsystc.in usap,c.

I)ANS i s  m]uilc(i (o sci)c(iuic  Iwo (iiffwcnt
kin(is o f  INN rc.soums:  :it)(cnnas  aIKi
SUbSySkHIM. Al)tcr][las  :{]1(1  Sllt)SyStClllS  alC
U n i t  I’CSOLII’CC.S  :tll(i :iS SLIC]l  Cal) not k SilalCCi
by 11101’C tilall  OI}C. adivily. Sut)systcm
IcsouIccs  a r c  tlar(iwwc  suet]  a s  Irmsmitlcrs
wl)ic.tl arc Ic(iuircxi  t o  work with  aI) antcma
(iuring coll~l~)~ll)ic:iti[)l). No]t~lally,  ttlcrc arc
lnany  ])iccc.s o f  ilar(iwarc ttlal  support  cad
antenna :ind l)ANS is quid (o gcncmtc  a
schc(iulc w h i c h  ailodc.s all Ilccc.ssal’y
Sllbsystc[m.

‘1’hc followillg  (ia[a sttLlctulcs  am usc(i  in
I)ANS to qwcscnt  t h e  I)SN (ionmin
infollllation,  an(i for supportillf,  the infcmncc
process: capacity timciil~c,  pmjcxl, a]~(i pass
classes .  ‘J’hcsc (iata stmclums  aic (ic.scrit)c(i
t)clow.

‘lhc  IXN consists of  many S1’(;s situatc(i
arou)d ti)cp,iotm.  lhwt) S1’(: Inay contain onc
01 IIlol’c .aI)tcnll:  is. ‘Jllc al)tc[l[la si~,cs Iallgc
fmm 9 Inctcrs for  cc)l[lt~l~ltlicatill~,  witil  low
car(h orbit  s p a c e c r a f t  to 70 Inctcrs for
cO1]llllllllic:i(i[l~,  with dc.ci~ s])acc space.cnft.
IIla(i(iitiollt  ott]cal  l(c[lr]asoll” c:ich S1’[1 site,
tllclc al’c Inany subsys(cms  associa(cd  with
t i l e  S] ’(: all(i (Ilc alltc.lll)as.  ‘1’l)c  Cl)l’1’cnt
physicai amIlp,c.It~c,Jlt  of tt)c I)SN makes it
Ilatul’ai  to I’cpl’cscllt tlmsc  rcsoLIIccs  in a
i)icl:\lcl)ic;liI  ll:il~t)cl:i  ssiloutlitl  ];igurc 1. At



(Ilc  l(q) o f  III(’ Ilictm:hical  Ircc i s  a  ~1’(’
I C.SOUI  cc. 1 iacl) S1)(’ cw)lains  OK 01 mm
al]lcnnas,  wl)ic]l  aI[. (lIc. cllildlcn 01 (he SI)C; .
‘1’lm’c :Ilc a l s o  lllally s]’{’ Sllt)syskm
rc.souwcs  rcsi(liIl~,  a l s o  a s  ctlildrcn  o f  [hc
SIW. J;o] cacti iinlc.[ins ill tllc. l]icmchy ttcc.,
tllcl’c al’c many 1 )ss Sllt)SySICIHS associated
with it. ‘1’0 fu] (Iwr il!ustmtc.  this himadly,
I:igum 2. shows (lIC ljiclady  for [tm SI’~- 10
INN CX)m])]cx.

UK-J
Nigurc 2: S1’[:- 1 () RCSOLIICC  1 lic[ arclIy
}ixamp]c

All (t)c ] )SN lcSolll’CCS  :II”C l“Cl)l CSCll(Cd by k
capacity tillic.iinc  c-lass (t~]lty’1’illlclirlc).  ‘1’hc
(j)ly’1’il])c.lil)c  II)ocicJs a  rcsouIcc.’s usa~c at
HIIy i[ls[an( o f  [ilnc  for [I]c dula[ion  of a
schcdulc..  1( i s  coInposc.d  o f  ol)c or nlorc.
inslanccs of ttm caJ)aci[y u[lit class
(~;])tyl]nit).  A ~:J)ty[J1lit  is LISC.(i 10 ICJ)I’CSCI1(  a
c(ms[ant  rcsourcc,  usage. wi(hin a Iinm pcrioti.
Si]owI] in IJigllrc 3 is ltlc  (imclinc
uqmmntalion of lhc 1  )ss-26 alltcnna
I C’SOL1  ICC.

Sinc,c the (j)ly’1’imcliljc  rc]wcscm[s [Ilc s[:ilc  of
a  rcsoLlrcc  for [ilc scl Ic(iulc.’s {iula(ion,  it i s
t h e  Inos[ of[cn uscxi (ia[a stmc[urc in (k
systc]n. ‘i’hc.  ~’pty’l’ilnciitlc  is col Islal I[ly bcin~
nmiificxi and ui)(ia(c(i (illling Il)c illfcrcncc
JII OC(’.SS  tO l’CflC.C(  [tlC S(:\tC o f  [tlC l’CSOLII”  CC! at
[imt  ins(an[  of (ilnc.  1 II ol (icI [0 imcasc the
systcIIl  J) CI’foI’ll):lIK@, a liinc slim caciling
Scllc.mc,  is Ilsc(i  to cxJ)c(iik (tic qllc!ry J) I’OCCSS.
‘J’im scllclnc  cciwlly  ciivi(ic.s (k lilnc.iinc.  into a
number of buckets. 1 )urillg a quc.ry, the
systcln wi l l  tla\~c to fimi tlm buckd that
contains the mo]ncnt firs{, tlIcl  I i( will scare.h
scqucl)(ialiy  wiltlil)  that buckcl  (0 Itlalci)  [t)c
qumy. l;O]  cxaln])]c,  whcI)  [k syslcm  looks
f o r  a  <lJ)(y[]r)it  w h i c h  contail)s  ttlc.  ] :30
mmmmt  a s  s h o w n  in f;igLllc  3, i t  f i rs t
idc.ntifics IIuc.kct i12 as the cmtainc.r  which
inc]ucics ti]c 1:30 mo~nc.nt.  “J’ilc[l  it Mvcrscs
down (hc tinmlinc s(arling fmm the beginning
of Bucket 1/2 until  i( ioutc.s  tile. CIJ}ty(lnit  that
con(aills ttlc  I :30 momcmt.

~UC  ket #/1
1 . . . . . . . . . . . . . . . . . . . . . .

13uc ket //2
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(). INI:l;RI;N(:I:  I{ N(; lNI’,

‘1’hc ml rcn[ vc.rsioo oi’ I)ANS ctn])]oys a
]llio[it}~-t):iscci  il)fcrcncc  strategy to salisfy  ttlc
])lojcd lcqucsts.  l;u(Llrc  vcrsiolls  w i l l
irmrpora[c.  o t h e r  slralcgics  to IIIakC (k
reasoning pr(mss  more rot)ust.

‘1’IIc maim Im((lcnmk of (I1c IMN (iomain is
[i]can[cnnii  rcsoumcs,  ‘1’his is (iuc [0 ti]c fad
li)at tlmc arc limi[c.(i  numbc.rs  of  an tennas
avail  ab]c,  an(i Ihcy can oniy comnlit [0 om
activity  i l l  al)y ~,ivc.n  tilllc.  (h Iilc otilcr  han(i,
t i m e  arc mal}y i(icmtic:tl  subsystcm  Icsourccs
[ilal sup]mI’1 llllcxpcck(i C.vc.nts.
Sulmx]tlcn(ly, (k schc.(iuling o f (1)C
sui)syslcIns  is still  illli)orlant  I>llt Icss  c r i t i c a l .
lJsiI)p, a top(iown”  a p p r o a c h ,  [k infcrcmcc
cnp,im  ran  focus 01) conf l ic t  mollltion  of
cri[icd msoumx firs[. ‘1’hell, i( can reason :il
ti)c IIc.x~ lCVCI  o f  ai>stlactioll  to Icso]vc icss-
criticdl Icsollrcccol  )flic(s.”  ‘lk l’riori(y-llwxi
stralc.r,y  c.x])loils tl)is  lc])lc.scnla(ion  to mason
al t)oth (Ilc alltc  Ill)a an(i (ilc Sl]bsysklll  IC.vcls,

‘Illc scllcciLllillg  imccss  is scpawtc(i  into Iilmc
m:ilor  slc])s. l;irst, (I)c Syslcm gcmmtcs all
cxlmustivc  list of solutions for cad  ac(ivity
Ic(JllcS( :it Il)c  anlcl)r  Ia Icvcl.  Sccon(i,  this
solu[ionslis(  is[ilct~:il)])lic(i  to the  sut)sys[cm
icvcl (0 p i c k  liIc t)c.sl s o l u t i o n .  liil)ally,  (iIc
activity is placcci  oIIto [i]c sci)cxiulc. If tile
;idivity a(i(iil ion causes amtim activity
(ic.lc.lion,  (Ilc (iclc(ui activily(ic.s)  wili  k
l’c.scllc(iuic(i immc(iititcly. 1 iol ~Ioul)(i
sut)systcIll  llutin(cI)ancc  activities w h i c h  (io
not rc(]Llilc.;llltcll[):i  ICSOUICC.S,  tim schc(iLlling,
pmccss w i l l  skii~ lilt first sk.p(antcnna
scilc(iuiil)p,) :Ill(i St:ll’1  f r o m  t i l e .  Sccoll(i
s(cp(sut)syslcm  scilc(i[llinp,). “J’im alltcmlla
infcrcneillg :Il)(i Subsys(cm infcrcming
fiowcll:ir(s  ;ilcsilowl)il)  liip,lllcs4  a11(i5.

AI (i)c lMN an(cnna infcmminc ic.vcl,  tile
sys{cmfirs[  SC. ICC(S an adivi(y  IcqL]cs[  (AU’)
ami tiKII  vaii(iatc.s  tim  wimiow in wi]ic.i] Ii]c
ACYI’c:l[l c.xistot~(i~cs  cllc(illlc. ‘1’i~is win(iow
isthcn lna]~pc(i  into tile  s]xicc.claft orl)il views
iIl or(icr  (0 i(im(ify tllc inlclvais  at w h i c h  a

specific :iI][clln:Icnrl  view IIlc slmc.craft. ‘1’hc
]esull is a list of ollc or ]lIolc vali(i  i]]tcrvals
will)in  llIc wi[l(iow. I;(H cad p o s s i b l e
il}tc.[-v;ll,  ti)csys[cr~l  ([ic.s(os  ci)c(llllc  ti]c  ACY1’
iIltoit,\4~l~c1~col)fiict  ;liiscst  )ct~vcc.~)tilc  A~I’
nl)(i (lmcL]IIclIt  sci)c(iuic,  (Im sys[c.m  first (rics
to si]ift  IiIC A(TI’ wi[ilitl tiIc illtcrval.  I f  ti~is
action (Iocs  not Icsolvc  IIIC cmfiid  aII(i tile
coIlfliclillf,  aclivitic,s  iI:tvc iowel  priority,  tim
syslc.m idcn(ifics (he cm] flic(c(i activity (ics)
fol (ic]ctiol). If a soiution e x i s t s ,  timn tlm
collllllil[c(i  time slot, conflicting aclivilics,
;Ilo IIg will)  tlIc  cos[ in(icx is slmc.(i  in a list for
l:itc[co]~l]~:l[iso]l.”  Afhv tlw sys[cm i(icn(ifies
a i l  lmsil)lc. solLllio[ts  :it [hc tintcnnn Icvc.1, it
sor[s(hc solulions  ixisc(i  011 (t)c  cosl in(icx so
(t)at  (IK bcs( solution wili im plm.c(i  at (iIc
ixginninp, of [he. lisl,

A t  t h e .  I) SF! sut~sys[c[~~  infcwmci[lg  ICVC],
l)ANS t’IISI  i(icrltilics  a]l [iIc sul)systcIns
\vilici~~ircrc(]llilc(i  (osLi]JpoJ[ tile  AC’J’. ‘1’hcn
lJANS SCIC.C[S  IiIc. firs[ i]vaiiab]c a[)tcnna
solutiorl,  an(i [[-its  ( ( )  sciIc(iLllc  ti]c  A(YJ< [o
C.:ICII  o f  Ittc. sLIl)sys(c  IIIs al tim s])ccific(i  time
S]()(,

If col~fiicl  cxis(s, i( will (Iy to resolve it as
cicscribc.d  al)ovc..  V4t)cl)  d solu[iol)  e x i s t s ,  tile
systcIII  c~tlcLIl:i(cs  [IIc. c(MIIpic[c(i  sollllim cost
fol t)otil tt)c  all(c’nml(s)  all(i Sut)sys[cm,  all(i
cofIpIcs thcm 10 tim prcvims  compldccl
solution costs ail(i nc.xt antmna  solution. If
Iimmmmt  solulion cost is less ti]an  or equal
to the o[ilcr  so]ulion” c o s t s ,  tile  sys[cn)  w i l l
com][)it  to(iliss  olu[iot),all(i  wi l l  schcciulc  h
A(TI’ to tl)is  sl)ccific.(i  (ill)c  slot. ~)ti)crwisc,
[Ilis  s o l u t i o n ”  wili  l)c. savc(i  for fu[urc,
rc.fcl’c.llcc.

Afkr k SyStClll CV21illdtCS  ali tilC  al”ItC.[llla
solu[icms  at Ii]c sL]txys(cm  ICVCI,  it wiil p i c k
ti)c tmst soluliol]  wi(tl (tic l o w e s t  cost to
scllc(iulc  (Ilc a c t i v i t y  rcqucs[,  If tilis action
lc(]uim (iddim  o f  otl]cr Imvc.r ~)riori[inxi
adivitic.s,  tt)c. sc (ic.lclc(i  activi(ic,s  will  t)c.
sul)lnittc(i  i)wk  to tl)c  sclIcxiLIlc  as a  Ic(]ucs(
ilnilw(iia[cly.
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llascd on [hc ICSUI1, l~ANS sdcc(s the firs(
bypothc.sis as tbc solulicm silm i( I]as (I)c
Iowcstcombind  cos[. 1[ schcdulc.s  1’6 tothc
6:OOam to 8: OOanl dura(im)  am] clclc(es  1 ’ 0
frolll (Im rcsourcc  tin]cli]]cs. ‘1’tlc  Sys(c.m
a p p l i e s  tbc s a m e  pmccss  (0 rcsctdllle.  1 ’ 0
activity. It identifies 3 time slots 10 ~c.ncratc.
t)ypotlmcs  as slmwII  in liigurc 6. ‘I”tlc
systc.]n idcntific.s  t h e  fi[st t i m e  s l o t  to
schc,ciu]c }’() bctwc.cn 8:()()am  aJl(~ 9:]5am

with  Ycm cost. It s t o p s  h e r e  h a v i n g
complctc.cf  i t s  t a s k  succcssful]y  [o plac.c  [hc
Galilc.c)  a c t i v i t y  01) tl)c  timclim  without

ciclcting any existing adivitic.s from tl)c
Schc(llllc.

8. RI13C111HIUI IN(; (:ON’I’IX’J’

At tlm higt)  Ic.vcl of resource allocation,
Scl)cdulc. cxccuticm  d o t s  not i n v o l v e
cxc.cwtim JnoJ)itoriJlg. lIOWCVCI”,
rcscbcdllling  i s o f t e n  nc.ccssary  dLIC to:
CqLliJ)lllCJlt oUhgcs, ]aSt JlliJlll[C tl’d
lCqLICStS,  last  mimltc  chaIlg,cs  to SChC(iU]CXi
tracks,  an(latmosp]lcric  condit ions  impad  OJI
tr:tcking capabilities. Rcsclmlulillf,
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can occur in two ways: ( I ) it can Ix inilia(cxl
to]) -dowa duc t o  a clmgc  to a prcvimsly
scllcdulcd track or addition of mmthm mqucst;
and (2) it can occur tmttcsln-up in that
cquipmcn(  outages can occur or tracks can fail
Ilccc.ssi(ating rcschc(iuling.  In tl)c cvcn( of’ a
ncwormdifid  request, lIANS LISCS locdimd
search to consi(icr  alternative methods for
satisfying (hc ncw request. ‘1’hisscarchuscs  as
its bounding functim adisruplimcost  measure
which accounts for the overhead involved in
IImvin:, a l r e a d y  schcdLIlcct  tracks and also a
satisfaclim mc.asLlrc  accounting for what level
of rcqucs(s have been satisfied. IIccausc we
u s c  brad and bound  tcchniquc.s  IJANS can
~,uaran[ec  that it will provide a rcscldu]c
o])timal  wi[t) rcspcd Iottmcombincd  disrLlption
al]d sa(isficic(ion cos[ func[im.

II) IIm c.vult o f  a  cllallgc  in cquiplml(
availability, we. arc currcn(]y c.xamining  two
sol~ltiollll]ctllo(ls.”  la both mdhods  IJANS first
LIpdalc.s all Icsourcctilllclillcsto  rcflc.d  the. ncw
rcsourcc Icvcl.  ‘1’t~ct),dcl)cl](iillg  on the. six of
lhc ctmg,c them arc. (wo options. liirst, if the
cllangc is localized IJANS can perform bra[dl
and bound search to rc-c.va]uatc requests in
Iigllt  of the ncw e q u i p m e n t  s i t u a t i o n .
llc)tvcvcr, iftllecl~allgc  istolargc  in scope this
scaich  is intractable. lior cxamp]c, i f  an
antcwna  uncxpcctcdly  goes down for a sc.vcral
day period thccascacting  cffcd on [racks can
Ix quite great ard thus rule out exhaustive
search techniques. In these cases I)ANS call
instcaci  first performs plioritiy,c(i  prc.-cmption  (0
remove low-priority tracks to rmovc conflicts
(by rclnoving the lowest priority (racks
participating in each conflict) and then rc-
Cvallla(c  project I’cc]ucsts. “J’llis approach
requires  far ICSS  search but can p r o d u c e
sutmptilnal rcsu]ts (with rcspc.ct  to ttw t w i n
go:ilso flllii]illli74i11  gclis1Ll]Jtioll”  ad maximizing
rc.( Uc.stI satisfaclim). 111 tllc prcvious]y
discussd  taxonomy of reasons for complexity
ill cxc.cu(ion and rcplanning,j  t h i s  t y p e  o f
rcschcxtuling corresponds [0 dynamism.

9. CONC1  ,US1ONS
‘Illis paper has dcscritd the l)cmanct-basmi
Auto]m(cd Network Scheduling system
(l) ANS), an automated scheduling systcln

twin:, (Imck)pc(l at (IIC .Ic( l’repulsion
l,atmalo]’y  (J]’].) to Sctdu]c  I)SN 1’CSOU1’CCS.
lJANSLlsc.sloc:ili~c.(i  search and ])li[)lity-t)asc(l
])ic-cln])lioll to pcrfol’m priori[y-based
rcscllc.duli]]f,  in rc.sponsc  to changing network
CIcmill(l. 111 [Ilis tccllniqucs,  I)ANS f i r s t
collsidcls  tllc an(c.nna alloc:itio]l  process ,  as
ante.tmas arc (Im cc[ltlal  focus of rcsourcc
colltc]ltioll. Aftcl c.s(ablislling  a  ral~gc  of
alltc.IIl)a op[ions, I)ANS t h e n  c o n s i d e r s
allocatiol~  of the 5-13 subsystems per track (OU[

of tl)c tens of shard sLltJsystcms at each
aatcnna  coII~plcx) used by cacll track. IIANS
LISCS localized I)lic)lity-(llivell,  best first search
10 cfficiclltly  consider (tic lar~c sd of possil>]c
subsystems Schdlllcs.
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